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 The Effect of Different Resistance Training Load Schemes  
on Strength and Body Composition in Trained Men 
by 
Charles Ricardo Lopes1,5, Marcelo Saldanha Aoki2, Alex Harley Crisp1,  
Renê Scarpari de Mattos2, Miguel Alves Lins2, Gustavo Ribeiro da Mota3, Brad Jon 
Schoenfeld4, Paulo Henrique Marchetti6 
The purpose of this study was to evaluate the impact of moderate-load (10 RM) and low-load (20 RM) 
resistance training schemes on maximal strength and body composition. Sixteen resistance-trained men were randomly 
assigned to 1 of 2 groups: a moderate-load group (n = 8) or a low-load group (n = 8). The resistance training schemes 
consisted of 8 exercises performed 4 times per week for 6 weeks. In order to equate the number of repetitions performed 
by each group, the moderate load group performed 6 sets of 10 RM, while the low load group performed 3 sets of 20 
RM. Between-group differences were evaluated using a 2-way ANOVA and independent t-tests. There was no 
difference in the weekly total load lifted (sets × reps × kg) between the 2 groups. Both groups equally improved maximal 
strength and measures of body composition after 6 weeks of resistance training, with no significant between-group 
differences detected. In conclusion, both moderate-load and low-load resistance training schemes, similar for the total 
load lifted, induced a similar improvement in maximal strength and body composition in resistance-trained men. 
Key words: resistance training, load, volume, body composition, strength. 
 
Introduction 
Resistance training (RT) is a very popular 
form of physical training for increasing strength 
and skeletal muscle mass. Adaptive responses to 
RT include the enhancements of general health, 
body composition, and athletic performance 
(Kraemer et al., 2002a). For each purpose, 
different RT schemes are recommended through 
manipulation of the acute training variables, such 
as the load, volume, frequency, rest interval, 
velocity of execution, range of motion, as well as 
the choice and order of exercises (American 
College of Sports Medicine [ACSM], 2009;  
 
 
Kraemer et al., 2002b). One of these variables, the 
load, is considered a key variable for the 
recruitment of motor units (ACSM, 2009; Fry, 
2004; Kraemer et al., 2002b).  
RT performed with moderate-to-heavy 
loads is recommended to recruit fast-twitch 
muscle fibres and to maximize neuromuscular 
adaptations. In this context, RT with a low (i.e., 3 
to 5) number of repetitions maximum (RM) and 
intermediate (i.e., 9 to 11) RM is considered an 
appropriate stimulus to increase strength and 
skeletal muscle mass (Campos et al., 2002).  
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Alternatively, RT performed with a higher 
number of RM (i.e., 20 to 28) is well recognized to 
increase muscular endurance (Campos et al., 
2002).  
Recent evidence shows that low load RT 
performed to volitional muscular failure, defined 
as the inability to complete a concentric muscle 
action during exercise, can be as effective as high 
load RT for inducing skeletal muscle hypertrophy 
(Mitchell et al., 2012; Ogasawara et al., 2013; 
Schoenfeld et al., 2015; Gołaś et al., 2016, 2017; 
Van Roie et al., 2013). It is speculated that a RT 
scheme performed to volitional muscular failure 
increases muscle fibre recruitment (Burd et al., 
2012) and metabolic stress (Schoenfeld, 2010), 
thereby promoting favourable muscular 
adaptations. Thus, lower load RT performed to 
volitional muscular failure could be an alternative 
strategy when designing RT programs for skeletal 
muscle hypertrophy.  
Another training variable, the total load 
lifted (TLL), calculated as the product of the 
number of sets, repetitions, and the load lifted in 
each exercise (kg), is also considered to be a key 
variable of RT programs (ACSM, 2009; Kraemer, 
2002b). Despite the relevance of TLL, to date, 
there is a lack of studies investigating the effect of 
RT schemes performed with different loading 
intensities and similar TLL on training-induced 
adaptations (e.g., strength, body composition, 
muscle hypertrophy). Additionally, the majority 
of previous studies had employed untrained 
subjects, thereby limiting the ability to generalize 
to those with RT experience. Therefore, the 
purpose of this study was to evaluate the impact 
of a moderate-load (ML – 10 RM) and a low-load 
(LL – 20 RM) RT scheme on maximal strength and 
body composition in trained subjects. The initial 
research hypothesis stated that body composition 
change and strength gain would be similar 
comparing the ML and LL schemes performed 
with similar TLL in trained subjects. 
Methods 
Participants 
Sixteen young, recreationally resistance-
trained men volunteered to participate in this 
study. The subjects were pair-matched according 
to baseline strength and then randomly assigned 
to 1 of 2 groups (n = 8 per group): a group that 
trained using moderate loads (ML – 10 RM) (age,  
 
 
24.6 ± 5.8 years; body height, 175.4 ± 5.3 cm; body  
mass: 77.8 ± 11.72 kg, RT experience, 2.3 ± 1.4 
years) or a group that trained using light loads 
(LL – 20 RM) (age, 28.6 ± 6.0 years; body height, 
178.3 ± 7.1 cm; body mass: 85.2 ± 13.2 kg, RT 
experience, 3.1 ± 1.6 years). There was no 
significant between-group difference at baseline 
for age (p = 0.17), body mass (p = 0.23), height (p = 
0.34), or training experience (p = 0.29). Subjects did 
not follow a periodized training program and 
reported their RT programs to be 3 to 5 sets of 8 to 
12 repetitions.  
All of the participants signed an informed 
consent document after being informed about the 
research and experimental protocol. This study 
was approved by the Research Ethics Committee 
of the Methodist University of Piracicaba 
(protocol nº 19/13). The following inclusion 
criteria were applied: (a) a minimum of 1 year of 
continuous experience in RT training at least 3 
times a week; (b) no previous injuries that might 
interfere with the study; (c) competent 
performance of the bench press and back squat 
exercises; (d) no use of ergogenic supplements.  
Procedures 
A longitudinal, randomized study design 
was used to assess the effects of 2 different RT 
schemes on maximal strength and body 
composition in resistance-trained men. In the 
week prior to the RT intervention, baseline 
maximum voluntary muscle strength for each 
subject was determined across 2 days (i.e., test 
and re-test, separated by a 24-hour interval) using 
the 1 repetition maximum (1 RM) test for the 
bench press and back squat exercises. 
Additionally, subjects were trained and instructed 
to record their dietary intake. Body composition 
assessment was performed 3 days after the final 
baseline strength test session and, thereafter, 
subjects began the RT program. The RT program 
lasted 6 weeks and the TLL was calculated for 
every exercise session. At the end of the study 
period, muscle strength tests and measurement of 
body composition were repeated.  
1 Repetition Maximum Strength Test 
Maximum muscle strength was assessed 
by the 1 RM test using the bench press and back 
squat exercises (Charro et al., 2011). Briefly, 
subjects performed a warm up of 2 sets of 10 
repetitions at approximately 40 to 60% of their 
estimated 1 RM load before each test protocol.  
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After a 5 min rest period, subjects were instructed  
to perform a single repetition of the test exercise 
to failure. In subsequent attempts, the load was 
repeatedly adjusted by 5 to 10% until the subject 
was unable to complete the exercise through the 
full range of motion using only the movement 
indicated by the exercise itself. For the 1 RM 
bench press test, subjects were instructed to 
maintain a 5-point body contact (i.e., head, back 
and hips were in contact with the bench, and both 
feet were in contact with the floor) while lifting 
and lowering the bar to touch the chest. For the 1 
RM back squat test, subjects were instructed to 
perform the movement from standing to 90º at 
knee flexion. A researcher controlled the range of 
motion to validate the movement. Two spotters 
were present to provide verbal encouragement 
and to ensure subjects’ safety. Each test was 
performed with a maximum of 5 attempts, with 
rest intervals of 3 to 5 minutes between each 
attempt. The 1 RM was considered the highest 
external load lifted. The 1 RM strength for the 
bench press and squat exercises showed high test-
retest reliability (intra-class correlation coefficients 
= 0.98 and 0.92, respectively). 
Body Composition 
 Body composition, hereby defined as 
body fat mass and fat-free mass, was estimated by 
skinfold thickness measurements using a Lange 
skinfold calliper. The measurements were taken 
from the subjects’ right side at the following 7 
sites described by Harrison et al. (1998): 
subscapular, triceps, pectoral, mid-axillary, supra-
iliac, abdominal, and anterior mid-thigh. Briefly, 
subcutaneous fat skinfold was pinched between 
the thumb/forefinger and pulled away slightly 
from the underlying muscle before applying the 
callipers. Each skinfold site was measured 3 times 
by the same experienced researcher and the mean 
of these values was used for analysis. Body mass 
was measured to the nearest 0.1 kg with a 
mechanical scale (Welmy). Body density was 
estimated using the formula proposed by Jackson 
and Pollock (1978), and body fat was calculated 
with the equation from Siri (1993). 
Estimate of Food Intake 
Dietary nutrient intake was assessed by 
24-hour food recalls on 2 non-consecutive 
weekdays and 1 weekend day. Subjects were 
instructed to record in detail: time of 
consumption, types and quantity of food  
 
 
consumed over a 24 h period. The quantity of  
food was recorded in cooking units (spoons, cups, 
and glass) and converted into grams. Energy 
intake (macronutrients) was estimated using 
NutWin software (UNIFESP, Sao Paulo, Brazil). 
Resistance Training Schemes 
The subjects performed 6 weeks of RT at a 
frequency of 4 sessions per week (Monday, 
Tuesday, Thursday, and Friday). Subjects in the 
ML group performed 6 sets of 10 RM with 1 min 
rest intervals between sets and 3 min rest intervals 
between exercises. Subjects in the LL group 
performed 3 sets of 20 RM, with 1 min rest 
intervals between sets and 3 min rest intervals 
between exercises. The loads for 10 RM and 20 
RM were determined and adjusted during each 
exercise and each set. Subjects were verbally 
encouraged and motivated to perform each set 
until volitional fatigue. All RT sessions were 
supervised by personal trainers to ensure that the 
target RM was achieved. If assistance was 
provided to subjects during the exercise to 
complete the proposed RM, the external load was 
adjusted for the subsequent set to maintain the 
RM zone (10 RM or 20 RM) and total number of 
repetitions per exercise (60 repetitions). Sessions 
were rotated between lower and upper body 
exercise selection, as shown in Table 1, to promote 
adequate recovery of major muscle groups 
between sessions. No injuries were reported and 
adherence to the program was 100% for both 
groups. 
Statistical Analysis 
Normality and homogeneity of variance 
of the data were confirmed by the Shapiro-Wilk 
and Levene’s tests, respectively. A 2-way repeated 
measures analysis of variance (ANOVA) was 
performed to compare the change in outcome 
measures over time between the groups. For 
significant interaction effects, a Bonferroni post-
hoc test was performed. Independent t-tests were 
used to compare the baseline and percentage 
change (% change) pre to post-training. Test-retest 
reliability (ICC) was calculated for 1 RM tests. A 
Cohen’s formula (Mean group 1 – Mean group 
2/pooled standard deviation) was used to calculate 
effect size (ES). According to Rhea (2004), ES for 
recreational RT is considered to be trivial for ES 
values <0.35, small for ES values between 0.35 and 
0.80, moderate for ES values between 0.80 and 
1.50, and large for ES values >1.5. The level of  
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significance was set at 5% for all analyses. All data  
are presented as means ± standard deviation. 
Results 
 Energy and macronutrient intake did not 
differ pre and post-study among subjects in the 
ML and LL groups (p > 0.05; Table 2). 
 There was a significant effect of time (F = 
114.90; p < 0.001) for the TLL; however, there was 
no group interaction effect (F = 2.14; p = 0.16; Table 
3). Body composition variables and 1 RM strength 
results are reported in Table 4. There was a  
 
 
significant group by time interaction for body 
mass (F = 5.25; p = 0.03), body fat percentage (F = 
51.58; p < 0.001), fat-free mass (F = 176.5; p < 0.001), 
fat mass (F = 26.48; p < 0.001), 1 RM bench press 
(F= 352.2; p < 0.001), and 1 RM squat (F = 285.0; p < 
0.001). However, there was no significant 
interaction effect (p > 0.05) between ML and LL 
groups for all dependent variables. A moderate 
ES of the training group was calculated for body 




The choice and order of exercises for A and B sessions 
     Exercise Session A      Exercise Session B 
1 - Bench Press 1- Back lat pull-down 
2 - Inclined Bench Press 2- One-arm dumbbell row 
3 - Fly  3- Row with open grip 
4 - Standing biceps curls 4 - Triceps overhead extension 
5 - Concentrated biceps curls 5 - Triceps pushdown 
6 – Back Squat 6 - Leg curl 
7 - Leg Press 45° 7 - Calf raise 







Estimated energy and macronutrient intake in the pre- and post-training period for 
the ML and LL groups. 
Variables   ML LL 
Energy Intake (kcal) Pre 2938.1 ± 350.5 3029.26 ± 360.4 
 
Post 3051.9 ± 322.3 3199.51 ± 420.7 
Carbohydrate (%) Pre 47.0 ± 1.3 55.65 ± 0.4 
 
Post 49.4 ± 0.5 53.83 ± 3.9 
Fat (%) Pre 24.0 ± 1.2 25.92 ± 1.3 
 
Post 25.6 ± 1.2 26.19 ± 4.4 
Protein (%) Pre 25.6 ± 2.6 19.66 ± 1.9 
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Weekly total load lifted (kg) for the ML and LL groups. 






95% CI of 
difference 
1st 89028.9 ± 15296.7 80460.0 ± 10720.9 -8569 -25480 to 8340 
2nd 93231.1± 15066.1 85813.3 ± 11257.1 -7417 -24330 to 9491 
3rd 97773.4 ± 16095.7 88.404.4 ± 11406.4 -9370 -26280 to 7539 
4th 101166.6 ± 15949.8 92075.55 ± 9824.9 -9091 -26000 to 7817 
5th 105082.9 ± 15337.1 94900.0 ± 10185.0 -10180 -27090 to 6726 






Body composition and 1 repetition maximum (1 RM) test for the ML and LL groups. 




Body Mass (kg) Pre 77.9 ± 11.7 85.2 ± 13.2 0.58 Small 
 
Post 79.9 ± 11.7* 86.5 ± 12.6* 0.86 Moderate 
 
%Δ 2.7 ± 1.3 1.7 ± 1.4 0.78 Small 
Body Fat (%) Pre 15.8 ± 6.4 18.6 ± 5.0 0.49 Small 
 
Post 14.5± 5.7* 16.9 ± 4.5* 0.46 Small 
 
%Δ −7.3 ± 5.1 −9.2 ± 3.1 0.43 Small 
 Pre 65.0 ± 7.8 69.1 ± 9.9 0.46 Small 
Fat Free Mass (kg) Post 68.1 ± 8.1* 71.6 ± 9.6* 0.40 Small 
 %Δ 4.7 ± 1.0 3.71 ± 1.7 0.74 Small 
Fat Mass (kg)  Pre 12.6 ± 6.2 16.1 ± 6.0 0.56 Small 
 
Post 11.9 ± 5.8* 14.8 ± 5.4* 0.51 Small 
 
%Δ −4.8 ± 6.3 −7.7 ± 2.8 0.60 Small 
1 RM Bench Press 
(kg) 
Pre 90.4 ± 19.1 94.4 ± 22.5 0.19 Trivial 
 
Post 96.0 ± 19.1* 98.9 ± 22.5* 0.14 Trivial 
 
%Δ 6.4 ± 2.5 4.9 ± 1.2 0.81 Moderate 
1 RM Squat (kg) Pre 126.6 ± 39.0 121.5 ± 28.9 0.15 Trivial 
 
Post 138.2 ± 37.9* 130.9 ± 29.1* 0.22 Trivial 
 
%Δ 10.5 ± 7.0 8.0 ± 1.9 0.49 Small 
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Discussion 
The main finding of the present study was the 
absence of a significant difference between the ML 
and LL training groups on measures of body 
composition and maximal strength following 2 
different 6-week RT programs similar for the TLL. 
These results support the initial study hypothesis 
that different training schemes, with similar TLL, 
would evoke similar outcomes in body 
composition and muscle strength. 
 Equating RT volume provides the best 
model to compare different training schemes. In 
the current study, the ML and LL schemes were 
similar for the TLL by having subjects in each 
group completing the same number of RM per 
exercise (i.e., 60 RM) but with different loading 
zones: ML, 6 × 10 RM and LL, 3 × 20 RM.  
 Previous studies have shown the 
magnitude of muscle damage (Barroso et al., 2010; 
Charro et al., 2011; Paschalis et al., 2005; Uchida et 
al., 2009) and hormonal response to RT (Crewther 
et al., 2008; Uchida et al., 2009) to be similar for 
different schemes when the TLL was comparable 
between programs. Therefore, acute mechanical 
and hormonal responses to resistance exercise are 
dependent on the total external work performed 
in the exercise session, regardless of the training 
intensity. The TLL is a key variable of resistance 
exercise prescription that should be monitored 
and progressively adjusted during the training 
program to maximize neuromuscular adaptations. 
 In the current study, the TLL was 
significantly increased for both the ML and LL 
groups (Table 3), despite training in different 
loading zones (10 RM vs. 20 RM), with no 
significant between-group differences. ML and LL 
groups increased their TLL by 19.9% and 20.7%, 
respectively, from week 1 to 6 of the RT period. It 
should be noted that all RT sessions were 
supervised by personal trainers, who instructed 
and motivated each subject to gradually increase 
the exercise load during the 6-week training 
period. Therefore, both RT schemes produced a 
progressive increase in the total amount of weight 
lifted and were effective in increasing strength.  
 With respect to maximal strength, both 
groups increased 1 RM strength on both the bench 
press and back squat exercises, with no between-
group differences. This result is contrary to 
previous studies that have reported a higher 
strength gain with high- versus low-load training  
 
in untrained subjects (Campos et al., 2002; 
Mitchell et al., 2012; Ogasawara et al., 2013; Van 
Roie et al., 2013). The discrepancy between these 
studies and current results could be explained by 
(a) participants’ training status (i.e., untrained vs. 
resistance-trained men); (b) the possible need for a 
higher external training load to increase the 
magnitude of neuromuscular adaptations; and/or 
(c) the short duration of the RT period used in this 
study (i.e., 6 weeks).  
 The early phase of strength adaptation in 
untrained individuals is largely attributed to 
neural mechanisms, while the increase in skeletal 
muscle hypertrophy occurs over a longer period 
of time (Moritani and deVries, 1979). Accordingly, 
previous studies have shown training at 
moderate-to-high loads to be superior to increase 
strength in untrained individuals (Campos et al., 
2002; Mitchell et al., 2012; Ogasawara et al., 2013; 
Van Roie et al., 2013). In this study, all subjects 
were experienced with RT, performing 8 to 12 
repetitions on a regular training basis. Therefore, 
it is possible that neural adaptations in trained 
men would not be as evident as in untrained 
peers. Alternatively, the novelty of the light-load 
stimulus might have elicited a training effect in 
the LL group that enhanced strength. Recently, 
Schoenfeld et al. (2015) found that training at ~10 
RM produced a significantly greater increase in 
maximal strength compared to an ~30 RM 
protocol in well-trained young men, even though 
the training volume was markedly higher in the 
light-load condition. A potential reason for the 
discrepancy between findings is that the study by 
Schoenfeld et al. (2015) lasted 8 weeks compared 
to only 6 weeks in the present study. Indeed, the 
current results did show a relative, albeit non-
significant, superiority for both the bench press 
(6.4% versus 4.9%) and squat (9.1% versus 7.6%) 
in the ML compared to the LL group, respectively, 
with a calculated ES of 0.81. It is possible that the 
changes could have become significant had the 
protocol been continued for a longer period of 
time. It also should be noted that the light-load 
condition in the Schoenfeld et al.’s study (2015) 
was carried out at a substantially lower intensity 
of the load compared to that in the present study 
(30 RM versus 20 RM, respectively), which likely 
influenced the magnitude of strength gains in the 
respective studies.  
 There is consensus that high-intensity and  
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low-volume RT schemes stimulate high threshold 
motor units thus enhancing maximal strength 
development (Cormie et al., 2011). In support of 
this assumption, Schoenfeld et al. (2014) showed 
that a higher load powerlifting-type training 
scheme (i.e., 7 × 3 RM) produced a superior 
increase in 1 RM bench press and back squat 
performance compared to a volume-equated to 
moderate load (i.e., 3 × 10 RM) bodybuilding 
training scheme in trained subjects, over the 8-
week training period. These data suggest that a 
higher load RT program (i.e., 3 RM) is likely to be 
necessary to maximize 1 RM strength in well-
trained subjects.  
 It is well established that RT programs 
can induce a significant improvement in body 
composition variables (Crewther et al., 2013; 
Kraemer et al., 2000; Schmitz et al., 2003). With 
respect to body composition analysis in this 
study, both groups (ML and LL) increased body 
mass and fat-free mass and decreased percent 
body fat and fat mass, with no between-group 
differences noted (Table 4). The current results are 
in contrast to those of Holm et al. (2008) who 
reported a significantly greater increase in muscle 
cross-sectional area when training at 70% of 1 RM 
versus 15% of 1 RM for 12 weeks on a work-
matched basis. In the Holm et al.’s (2008) study, 
participants did not train to muscular failure, an 
important difference from the RT schemes used in 
this study, in which participants performed 
repetitions to volitional fatigue. Given that 
fatiguing contractions are deemed essential to 
elicit activation of high-threshold motor units 
during submaximal resistance exercise (Adam 
and De Luca, 2003; Houtman et al., 2003), this 
provides a logical explanation for differences in 
the outcome between the 2 studies, and reinforces 
the importance of high intensities of effort when 
training with low-loads.  
 In agreement with the current results, a 
previous study using different volume-equated 
RT loading schemes (load ranging – 4 RM, 6 RM 
and 8 RM) reported no significant difference in 
body composition (Buford et al., 2007). Therefore, 
equating the TLL is likely to be a major factor in 
determining effects of RT on body composition of 
trained individuals. The current results also are 
consistent with those of Schoenfeld et al. (2015),  
who found a similar increase in thickness of the 
elbow flexors, elbow extensors, and quadriceps  
 
 
femoris for well-trained individuals when 
training at 10 RM and 30 RM. The present study 
expands on these findings to show that resistance-
trained men experience a similar increase in 
whole body lean mass, irrespective of the loading 
zone employed, when resistance training schemes 
are carried out to muscular failure. 
A number of studies failed to observe a 
significant effect of short-term RT programs (i.e., 
<12 weeks) on body composition (Apel et al., 2011; 
Monteiro et al., 2009; Prestes et al., 2009; Rhea et 
al., 2002). The improvement in body composition 
produced by the 6-week RT program in this study 
might be due to the maintenance of energy intake 
and high protein consumption throughout the 
study. All participants received nutritional 
counselling, and estimation of energy and 
macronutrient intake confirmed that both groups 
did not change their intake and that there was no 
influence of the different RT schemes (Table 2). 
Thus, it is suggested that, to effectively use short-
term RT programs to improve body composition, 
a dietary control should be included as a 
component of the program. 
  A limitation of the current study was that 
while the skinfold technique is a valid method for 
assessing global changes in fat mass and fat-free 
mass (Bentzur et al., 2008), it does not provide a 
direct measurement of muscle mass. Modalities 
such as magnetic resonance imaging, 
computerized tomography, and ultrasound 
would therefore provide better insight into 
specific hypertrophic development in the trained 
muscles. 
In conclusion, ML (10 RM) and LL (20 
RM) volume-equated RT schemes promoted a 
similar change in body composition and strength 
in resistance-trained men. These results suggest 
that performing repetitions to volitional muscular 
failure is the primary factor in promoting 
muscular adaptations and the variation of loading 
schemes has a secondary role in this regard in 
resistance-trained men. Further studies are 
necessary to investigate the effects of longer 
periods of RT (i.e., >6 weeks) using direct methods 
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